ing of insular plant dynamics and biogeography (MacArthur,1972) . However, quantitative and experimental data on the fate of plant propagules on oceanic islands, and on the role of predators in that fate, do not exist (Weins,1962; Carlquist,1965 Carlquist, ,1970 Carlquist, ,1974 Howe and Smallwood, 1982) .
Although herbivory and seed predation have been hypothesized to be low on islands (Janzen, 1971 (Janzen, , 1975 Carlquist, 1974) , four observations suggested the opposite might be the case on Enewetak Atoll. First, evidence of damage by predators was abundant. We examined fruits collected from trees and from randomly placed quadrats under midcanopy of several common tree species. On the tree, the proportion damaged by predispersal insect predators varied from 0.0 on Scaevola taccada to 0.84 on Cordia subcordata (N = 50/species, pers. observ.). On the ground the proportion with serious external damage varied from 0.04 on C. subcordata to 0.66 on Guettarda speciosa; similar levels of damage were found on several islands of the atoll (pers. observ.).
Second, terrestrial hermit crabs were common and especially dense near the beach edge ofthe vegetation (pers. observ.; Page and Willason, 1982 Third, we watched hermit crabs (Coenobita spp.) handle and tear on fruits and we determined that they can damage them and the enclosed seeds. We confined ten of the most common species, C. perlatus, to cages (30-cm radius, 20-cm high Vexar mesh) for 48 and 72 hr (3 replicates). Each cage contained ten fruits: Guettarda speciosa (2 mature, 2 green), Scaevola taccada (2 mature, 2 green), and Terminalia catappa (2 mature). The crabs fed on all three species, damaging all of the mature fruits within 48 hr. Unexpectedly, all green fruits offered were avoided by the crabs. More severe damage was evident after 72 hr. Fourth, evidence of insect feeding was also common; we found mined seeds, frass (Fig.  1A , C) and lepidopteran larvae (Gelechiidae) in fruits.
Thus, our purpose was to evaluate experimentally the contribution of both insect and crab predators to the survival of fruits and seeds of the common tree species of Enewetak. Specifically we asked: 1) Does predation decrease fruit or seed survivorship significantly over a year? 2) Is loss related to fruit traits? 3) Does predation intensity diminish inland? 4) Do different predators affect fruit or seed survivorship diffierentially?
MATERIALS AND METHODS-Study area and species-We worked on Ananij Island in the southern portion of Enewetak Atoll (11°21 'N, 162°21 'E, see map in Page and Willason,1982) .
The available seed predators on Pacific atolls include insects (Darlington, 1943 (Darlington, , 1965 Our experimental fruits were from the species that were in fruit in early October ( 2 cm high) was made of 36-mm2-mesh hardware cloth; since the basket was small and settled into the substrate ( 1 cm), it is unlikely that it attracted predators. Also, predation levels observed on control fruits were comparable to ambient levels observed.
Each unit contained five fruits each of the four plant species tested, obtained from adult plants. This density (2,000/m2) was about equal Homogeneity of variances among treatments was evaluated for each species using the FmaX test. For most comparisons two-way AN-OVA (Model I) was then used to assess: 1) survival of fruits, and 2) proportion damaged among those surviving in relation to predation exposure and location (Rohlfand Sokal, 1981). In the case of heteroscedasticity, the KruskallWallace nonparametric one-way ANOVA was used for each factor. Probabilities were compared by the conservative test of non-overlap of 95% confidence intervals (Browne, 1979) .
Disappearance from the controls was considered animal-mediated mortality since the fruits were consumable by animals present and since the baskets remained stable and presented a barrier to chance movement. Disappearance rates from the control units may have overestimated dispersal mortality for only one species, Scaevola taccada. The fruit traits for this species, including color, fleshy exocarp and exceptionally hard seed coat, made it conspicuous among the fruits tested, suggesting that bird transport may have caused some dispersal. Otherwise, disappearance rates should accurately quantify differential survival in relation to location, both within and between species.
RESULTS-Predation pressure in open controls-Disappearance from control baskets was significant for all 4 species (Table 1) and was greatest in the central forest for S. taccada.
None of the species had trends in persistence over the year that fit our initial prediction that fruits and seeds should have higher survival inside the forest than at the beach edge of the fringe vegetation.
Ambient levels of damage were high (Table  2) . Since experimental densities were comparable to observed densities, these results suggest that direct mortality was important. All T. catappa fruits remaining in the controls were totally destroyed at all locations. Thus, predation was so severe for this species that no spatial gradient in intensity could be discerned. Highest damage to each of the other three species appeared to occur: at the beach edge for G. speciosa, in the fringe for M. argentea, and in the forest for S. taccada (Table 2 ).
The annual probability of survival and recruitment with predation (Fig. 2) was estimated as the product of: 1) fruit persistence (Table 1) , and 2) the proportion undamaged among fruits and seeds persisting in open baskets ( Table 2 ). The recruitment probability of T. catappa was extremely low (0.0, SE 0.00) at all locations (Fig. 2) . Recruitment probability by G. speciosa was also low on the average (0.21, SE 0.05, N= 9), but tended to increase away from the beach edge (0.09, 0.26, 0.35, respectively). Average chance of recruitment for S. taccada was also low (0.17, SE [Vol. 72 442 AMERICAN JOURNAL OF BOTANY marily hermit crabs, was very high on three of the four species (Table 2): T. catappa (100%), S. taccada (79%) and G. speciosa (63%). Scaevola taccada was removed both at the beach (55%) and in the fringe (50%) but the highest rates of removal (100%) were observed in the forest. Consequently, location significantly affected S. taccada fruit survival (Table 2 ). Destruction by crabs, however, was always highest for the large fruits of T. catappa (100%) and G. speciosa (44.3-79.7%). The probability of a fruit and its seeds surviving the predation pressure was species-specific (Fig. 2) 
Scaevola taccada has intermediate-sized, but
conspicuous, fruits which had the highest rate of disappearance among the species, particularly in the central forest. The white, pulpy exterior of the fruit (Fig. 1) may have attracted birds. For this species, disappearance rates probably overestimated absolute mortality and included propagule redistribution as well as mortality. However, high levels of crab damage occurred, suggesting that there was also an important mortality component to disappearance (Table 2) .
Messerschmidia argentea had the smallest fruits ( Fig. 1) and the most extensive postdispersal insect predation at the beach edge and in the central forest. Both the location and the magnitude of insect damage were unexpected. The other two species with high levels of insect damage to fruits and seeds, T. catappa and G. speciosa, had much larger fruits (Fig. 1) and both had higher rates of insect predation on those fruits in the fringe vegetation (Table 2) . Catastrophic events and disturbance are known to be important in the dynamics of island plants (Weins, 1962; Carlquist, 1974 ; Zedler and Louda, in prep.). However, the patterns and the intensity of destruction that we observed suggest that predation could also contribute to the patterns of plant abundance and observed distribution for these species. Predation severely reduced the number of propagules available to colonize after disturbance. Three points are clear: 1) insect predators reduced the potential for recruitment of two species (M. argentea, T. catappa); 2) terrestrial crabs and perhaps birds contributed significantly to the absence of S. taccada in the forest (Table 1, Fig. 2) ; and 3) terrestrial crabs severely restricted fruit and seed survival, and did so throughout the gradient for T. catappa (Fig. 2) . forest (Fig. 2) . Finally, for T. catappa, damage by crabs was so severe that the probability of undamaged fruits with viable seeds occurring was essentially zero in all locations (Fig. 2) . DISCUSSION Predation in species dynamics Predation was significant in the survival of fruits and their seeds over the year for all of the species. The amount of damage diffiered among the species (Tables 1, 2) . Location was important in the predation observed on S. taccada, and possibly on G. speciosa (Table 1) . The simple, generalized gradient in total predation pressure, which we expected after observing the high densities of Coenobita spp. at the beach edge of the vegetation, did not occur. Absolute levels of loss appeared related to the characteristics of the propagules.
Predation and insular dynamics-
The Indian almond ( Terminalia catappa) had a large fruit (Fig. 1) with a single large seed. It also bore the greatest damage and loss. Predation, particularly by terrestrial crabs, reduced the probability of recruitment by T. ca- Diamond, 1970 Diamond, , 1975 MacArthur, 1972; Simberloff (1974) has focused on: 1) species characteristics which promote or retard dispersal; 2) island characteristics, such as size, topography and isolation; and, 3) competition among species that arrive on an island. MacArthur (1972: p. 93), however, pointed out there were at least three potentially important processes in island population numbers: random fluctuation, competition, and predation. Predation obviously needs further consideration.
There are several reasons that differential loss among fruits and seeds has not been recognized as contributing to the composition of island associations. MacArthur (1972: p. 96), for example, observed: ';Species on islands are often astonishingly abundant, being free from predators and often from competitors." Janzen (1971) predicted that the establishment and persistence of seed predators on islands should be rare. And, he found an insular reduction in insect diversity (Janzen, 1973) and insular absence of specialized bruchid beetles (Janzen, 1975) . Observations such as these have contributed to the assumption of low overall predation intensity on islands. Alternately, our results showed that predation intensity, and potentially differential selectivity among seeds, by generalized omnivorous predators, contributed to colonization and persistence probabilities on this small oceanic island. Janzen focused on specialized insect predators; we focused on all predators and on total postdispersal losses.
It is not surprising that predation by hostspecific predators is lower on islands; however, 
